ABSTRACT (Stewart, 1992 
In the greenhouse, five seeds of 'Gala' grazing bromegrass, 'Matua' prairiegrass, and 'Pennlate' orchardgrass were planted 1-cm deep in 5-cm diameter ϫ 21-cm deep containers filled with potting soil (Scots-Sierra Horticultural Products Co., C ool-season grasses, such as orchardgrass, preMarysville, OH 1 ). Seedlings were thinned to one per container dominate in the pastures and haylands of the soon after emergence. Containers (105 of each entry) were northeastern USA (Baylor and Vough, 1985) . Orchardplanted on 24 Jan. 1997 and entries were grouped into five grass is commonly recommended for pastures in the replicates with 21 containers of each entry per replicate. The
Northeast because of its better drought tolerance and experimental design was a randomized complete block. Beginwinterhardiness compared with perennial ryegrass (Lolning 10 DAP, three containers per replicate of each entry ium perenne L.) (Van Santen and Sleper, 1996 ; Christie were sampled destructively each week for 7 wk. Temperature in the greenhouse varied from 23 to 41 ЊC during the day and and McElroy, 1994) . Growth of these grasses follows root. Shoots and roots were separated at the crown node and dried at 55 ЊC for 48 h to determine dry weight. The greenhouse and growth chamber experiments were least squares means along with the standard error were plotted analyzed as randomized complete block designs. Separate against sampling date to illustrate seedling development. analyses of variance were conducted for each sampling date.
Spring-sown plots were harvested for DM yield during the Preplanned orthogonal comparisons were used to compare production phase in 1998 and 1999. The 4-by 6-m plots were treatment means at each sampling date. The comparisons for divided lengthwise, and one-half was harvested on a 3-wk the greenhouse experiment were (i) Matua prairiegrass and interval and the other half was harvested on a 5-wk interval. Gala grazing bromegrass vs. Pennlate orchardgrass, and (ii)
The harvest dates are listed in Table 1 . At each harvest, a Matua prairiegrass vs. Gala grazing bromegrass. The compari-0.51-ϫ 4.6-m strip was cut to a 7-cm height with a rotary sons for the growth chamber experiment were (i) Matua praimower equipped with a bag to collect clippings. , 'Luprime' prairiegrass, and Gala and 'Feeder' grazing bromeand orchardgrass at 6 kg ha Ϫ1 . The seeding was repeated on grass. The field site was adjacent to the 1997 experiment. Soil 19 Sept. 1997 on an adjacent site with the same species, cultitests in 1999 indicated a pH of 6.1, 87 kg ha Ϫ1 of available P, vars, and cultural methods, except that plot size was 2 ϫ 3 m.
and 120 kg ha Ϫ1 of available K. Plot size was 2 by 4.6 m, and Plots were sown in five replicate blocks.
cultural methods were the same as for the fall 1997 planting. Seedling emergence was monitored weekly for both plantSeedlings emerged in all plots by 8 May for the spring planting ings. Seedlings in all plots had emerged by 28 May for the and by 9 September for the late-summer planting. Fifteen spring planting and 29 September for the fall planting. Thirty seedlings were excavated to a 30-cm depth from each plot at seedlings were selected at random in each plot at 21, 37, 47, 21, 27, 35, 48, 62 , and 76 DAP in the spring and fall. The 61, and 74 DAP for the spring seeding and 17, 24, 31, 35, 42, number of leaves per plant and shoot dry mass was determined and 49 DAP for the fall seeding. The number of fully expanded at each harvest. Soil was washed from the roots under cold leaves was counted on the main stem of each selected seedling running water, and root mass, length, and number were meaat each date, and a note was made if the seedling had tillered.
sured at 21, 35, and 76 DAP in the spring and fall. The arithmetic average of the 30 observations per plot was Spring-sown plots were harvested to determine DM yield calculated to determine the mean leaf development stage. and production phase was a randomized complete block with both the greenhouse and the growth chamber (Fig 1) . did Matua as noted also by Stewart (1992) . Hume (1991) with the standard errors were plotted against sampling date to reported that Matua prairiegrass had a greater rate of illustrate seedling development. In all experiments, contrasts leaf appearance, but a lower rate of tiller production were declared to be statistically significant when P Ͻ 0.05.
than perennial ryegrass. In that study, perennial ryegrass produced a tiller at the coleoptile bud, whereas Matua
RESULTS AND DISCUSSION
did not, which contributed to its reduced tiller pro-
Seedling Development in the Greenhouse
duction.
and Growth Chamber
Root mass relationships among grasses generally reflected differences in shoot mass both in the greenhouse Gala grazing bromegrass and Matua prairiegrass produced larger (P Ͻ 0.05) seedlings than orchardgrass in and the growth chamber (Fig. 2) . Both Matua and Gala DAP in the greenhouse and 40 DAP in the growth chamber. Although shoot mass of the grasses was relatively similar in both the greenhouse and the growth chamber, the grass seedlings had fewer tillers and leaves per plant in the growth chamber than in the greenhouse. This may be related to the lower air temperature and light levels in the growth chamber than in the greenhouse.
Seedling Development in the Field

to 1999 Experiment
During the spring of 1997, Matua developed a greater number of leaves per tiller than the other grasses (Fig.  3) . Dawn and Pennlate orchardgrass did not differ (P Ͼ 0.05) in mean leaf number in the spring or the fall. In each grass, the number of leaves per tiller decreased somewhat 45 DAP probably because some of the early leaves senesced. Gala had the greatest proportion of seedlings tillering in the spring, followed by orchardgrass and Matua. This ranking was the same in the Matua and orchardgrass, which was similar to greenhouse results (Fig. 3) . Seedling development in the fall of 1997 was slower than in spring, probably because of lower temperatures in the fall (Fig. 3, Table 2 ). Temperdeveloped a greater (P Ͻ 0.05) root mass and root length ature, along with light quantity and quality, are major earlier than orchardgrass in the growth chamber. At the factors determining leaf appearance rate and tillering end of the experiments, however, orchardgrass had a for cool-season grasses in the field (Hill et al. 1985 ; greater number of roots than Gala or Matua. Shaffer Hume, 1991 noted greater seedling growth and greater
The fall seedlings were not fully established, acroot production deeper in the soil with Matua praicording to the criteria of Ries and Svejcar (1991) . Fewer riegrass than tall fescue (Festuca arundinacea Schreb.) than 10% of Matua and orchardgrass seedlings had tiland smooth bromegrass (B. inermis Leyss.) grown in lers, whereas 25% of Gala seedlings had at least one containers outdoors. Other root characteristics such as tiller (data not shown) at the end of the experiment. root length density, diameter, and branching pattern also Visual observations of the fall-seeded plots in the spring influence root function (Aguirre and Johnson, 1991) .
of 1998 confirmed that none of the seedlings from the Ries and Svejcar (1991) considered crested wheatgrass fall planting survived the winter, suggesting that plants [Agropyron desertorum (Fisch. ex Link) Schult.] estabwere not fully established. White (1984) reported that lished when (i) the main stem had four leaves, (ii) there winter injury was inversely related to the seedling leaf was at least one tiller on the main stem, and (iii) two number for late-summer seeded cool-season grasses in adventitious roots developed. In our controlled environment experiments, all grasses met these criteria by 30 the northern great plains of the USA. fall planting date of 1997, probably because of higher temperatures and rainfall for the 1999 late summer planting compared with the fall 1997 planting (Table 2 ).
to 2000 Experiment
A combined analysis of variance revealed no interac-
Yield Performance and Tiller Densities
tion of planting date with grass entry, so means across of Grasses after Establishment planting dates are presented for grass entries. There were very few significant differences between grazing Matua was the highest (P Ͻ 0.05) yielding grass in bromegrass or orchardgrass cultivars in seedling attri-1998 (Table 3) . In 1999 and 2000, however, yields of butes, thus the means of cultivars of each of the species prairiegrass and orchardgrass were similar. Gala yielded are presented. The bromegrasses and prairiegrasses had less (P Ͻ 0.05) than other grasses in 1998 and 1999. In a greater seedling shoot mass than orchardgrass (Fig.  2000 , yields of both Gala and Feeder were lower (P Ͻ 4), similar to greenhouse and growth chamber results.
0.05) than other grasses. There was no cutting frequency by grass entry interaction for DM yield in 1998 and The bromegrasses developed several more tillers per plant than the prairiegrasses or the orchardgrasses, simi-1999, hence the decision to use one cutting frequency in 2000. Yield was lower (P Ͻ 0.05) for the 3-wk cutting lar to the 1997 field results (Fig. 3) and the greenhouse and growth chamber results (Fig. 1) . The bromegrasses frequency (9300 and 6800 kg ha Ϫ1 in 1998 and 1999, respectively) compared with the 5-wk cutting frequency also had a greater root mass and length by 76 DAP than other grasses in the field (Fig. 5 ). There were essentially (9900 and 7700 kg DM ha Ϫ1 in 1998 and 1999, respectively). Forage DM yields were lower in 1999 and 2000 no differences among grasses in root length. Matua and Luprime prairiegrass differed in shoot and root attrithan in 1998 probably because of lower rainfall and soil moisture in 1999 and 2000 (Table 2 ). butes with Matua developing a larger seedling with more leaves, tillers, and roots than Luprime.
Tiller density peaked for nearly all grasses in early September under both clipping frequencies in 1999 (Fig. All grasses in the spring and late summer plantings were established (according to Ries and Svejcar, 1991) 6). Gala maintained twice as many tillers as Matua in June and October, and 50 to 60% as many tillers as by 47 DAP (37 d after emergence). Seedlings established in the late summer of 1999 survived the winter, Matua in late July and September under the 3-wk cutting frequency. There were fewer differences among grasses as indicated by visual observation in the spring of 2000. We did not see a slower rate of establishment with the in tiller density under the 5-wk cutting frequency. Gala maintained 34% more tillers m Ϫ2 in September and 19% late-summer planting date in 1999 as we did with the (Fig. 7) . Tiller density was much lower for both prai- 
SUMMARY AND CONCLUSIONS
swards (Zarrough et al., 1983) . Both Matua prairiegrass and Gala bromegrass rapidly Gala grazing bromegrass frequently maintained a developed a larger seedling with a greater root mass greater number of tillers and leaves per seedling and a and length than orchardgrass. Sangakkara et al. (1985) seedling mass equal to or greater than seedlings of other grasses in controlled environment and field experiments. During subsequent years, however, this did not translate into greater yield performance in clipped field plots. Cultivars of B. stamineus were developed for use under hard grazing and dryland conditions (Stewart, 1992; Sutherland, 1997) . Our data showed that Gala grazing bromegrass did not perform as well as orchardgrass or prairiegrass under mechanical clipping in either dry (1999) or favorable (1998) soil moisture conditions. Greater tiller density did not seem to be an advantage under a more frequent clipping regimen. Others have found that the greater tiller density of Gala grazing bromegrass may improve its persistence, compared with Matua prairiegrass (Sutherland, 1997) . The inability of grazing bromegrass to translate its rapid early tiller development and large seedling mass into greater yield mass of grazing bromegrass, however, increased at a teractions among seedlings limit establishment in all environments. Recent evidence from our laboratory demonstrates that under warm-dry conditions, facilitative interactions may occur among seedlings of some cool-season grasses and legumes, which enhance their establishment (Skinner, 1999) . Finally, our data indicate that seedlings of these grasses should be fully established by 40 to 50 DAP (30 to 40 d after emergence) under favorable moisture and temperatures in the spring and late summer. Seedling development in the fall, however, may be slower than that in the spring, which would result in delayed establishment and possibly low winter survival.
